ABSTRACT. The direction of production for indigenous chicken breeds is currently unknown and this knowledge, combined with the development of chicken genome-wide association studies, led us to investigate differences in specific loci between broiler and layer chicken using bioinformatic methods. In addition, we analyzed the distribution of these seven identified loci in four Chinese indigenous chicken breeds, Caoke chicken, Jiuyuan chicken, Sichuan mountain chicken, and Tibetan chicken, using DNA direct sequencing methods, and analyzed the data using bioinformatic methods. Based on the results, we suggest that Caoke chicken could be developed for meat production, while Jiuyuan chicken could be developed for egg production. As Sichuan mountain chicken and Tibetan chicken exhibited large polymorphisms, these breeds could be improved by changing their living environment.
INTRODUCTION
Specialized commercial populations, which originate in foreign countries, occupy the majority of the chicken market in china. Therefore, it is necessary to take full advantage of indigenous breeds that have large genetic resources and play an important role in maintaining biological polymorphism, as well as having enhanced production performance, such as being well-adapted, resistant to foraging, and stress tolerant, etc. Although, these indigenous may also have some disadvantages, such as low production performance. The first limiting factor for the development of indigenous breeds is the unknown direction of production, which is the first and foremost requirement when studying indigenous breeds.
Reproduction and growth traits are controlled by quantitative trait loci and a genomewide scan is a powerful approach that can be used to gain an understanding of these complex traits. Recently, many investigations have used genome-wide association studies (GWAS) to identify special loci used during chicken domestication (van Kaam et al., 1999; Useche et al., 2001; Akey et al., 2002; Reich et al., 2003; Rubin et al., 2010; Gu et al., 2011; Xie et al., 2012; Li et al., 2012 Li et al., , 2013 . Rubin et al. (2010) used whole-genome re-sequencing methods to analyze chicken selection loci and the results revealed that there are 7,000,000 single nucleotide polymorphisms (SNPs), including 1300 deficiency loci, and during chicken domestication specific loci are involved in specialization into broiler (meat-producing) and layer (eggproducing) chicken. A follow-up study indicated that the high-growth and low-growth lines of broiler were distinguished by an 18,961-bp deficiency. Using a GWAS, Gu et al. (2011) , found that the chicken chromosome 4 (GGA4) region, approximately 8.6 Mb in length (71.6 to 80.2 Mb), had a large number of significant SNP effects for late growth during weeks 7 to 12. Furthermore, Xie et al. (2012) , using a GWAS, found a narrow 1.5 Mb region (173.5 to 175 Mb) of chicken (Gallus gallus) chromosome (GGA) 1 to be strongly associated with chicken growth.
Previous research indicates that mutations developed during chicken domestication are relatively fixed for different traits. In this study, molecular biological techniques are used to explore the breeding direction of Sichuan indigenous breeds by detecting the specific loci in each breed.
MATERIAL AND METHODS

Birds and management
A total of 193 chickens belonging to four different Chinese indigenous breeds were sampled for this study: Tibetan chicken, Caoke chicken, Jiuyuan chicken, and Sichuan mountain chicken. All of these breeds are famous Chinese indigenous chicken breeds and are mainly distributed in Sichuan Province, China. The selected chickens were all from unimproved breeds. The distribution of sampled chickens and the number of samples collected are shown in Table 1 .
All birds were reared under the same condition: cage free (density of <35 chicken/100 m 2 ) and standard conditions of temperature (20° to 22°C), relative humidity (55 to 60%), and ventilation were maintained. The chickens were fed the same professional breeder diet and had free access to feed and water during the entire rearing period. Birds were managed with full consideration of bird welfare. All procedures involving animals were approved by the Institutional Animal Care and Use Committee of the National Institute of Agrobiological Sciences.
Sample collection
Approximately 2 mL blood was collected from the brachial vein of each individual according to the requirements of animal welfare of Sichuan Agricultural University, and stored at -20°C. The next day, genomic DNA was isolated by phenolic extraction. The quality and integrity of DNA was assessed using the A 260/280 ratio and agarose gel electrophoresis.
Objective gene screening
Firstly, we undertook a literature review to determine the genes related to animal reproduction traits, and then we identified the genes on the local chromosome using NCBI (http://www.ncbi.nlm.nih.gov/). Secondly, we determined the variable loci within the genes, the amount and type of mutation in specialized layer and broiler chicken using chicken VD data (http://chicken.genomics.org.cn/), and then assessed if there were differences in the loci between specialized layer and broiler chicken. Thirdly, the primers for the candidate differential gene loci were designed and verified on specialized layer and broiler chickens to exclude primers with a false position. Finally, we selected loci on three genes as the objective gene loci to detect genetic variation in the four Chinese indigenous chicken breeds.
Analysis of genetic variation
Following confirmation of the objective genes, the primers were designed using Primer Primer 5.0, DNA sequence fragments were amplified, and genetic variation was analyzed using the direct sequencing method by Beijing Liuhe Genomics Biological Technology Co., Ltd. (Beijing, China).
Sequence and data analysis
Chromas version 1.45 was used to obtain the original sequence data and DNA Star was used to inspect, edit, and proof the sequences to ensure data accuracy. To determine whether the sequences obtained were correct, an NCBI nucleotide BLAST search was conducted (http://blast.ncbi.nlm.nih.gov/). MEGA4.1 and DnaSP were used to analyze variation in the loci and identify haplotypes.
The genetic variation within each indigenous breed was evaluated and compared. The total number of alleles at each locus, the respective allele frequency, observed and expected (H E ) heterozygosities, and polymorphism information content (PIC) value for each breed across the loci were calculated using GenAlEx 6.4 (Peakall and Smouse, 2012) and CERVUS ver. 3.0.3 (Kalinowski et al., 2007 
RESULTS
Genetic screening and primer design
The study identified 7 SNPs on three genes as the differential genes between specialized layer and broiler chicken. The 7 SNPs included three loci specific to layer chicken, chr24:5748784A>G, chr24:5748832T>C, and chr5:52922938A>G, and four loci specific to broiler chicken, chr3:7519896A>G, chr3:7519918G>A, chr5:52926659T>A, and chr5:52926664T>C. These 7 SNPs are located on the DRD2, LHCGR, and ESR2 genes, respectively (Table 2 ), all of which are reproductive trait-related genes. The primers were designed according to the gene loci (GenBank accession No. NC_006092.3, NC_006090.3, NC_006111.3), as shown in Table 2 . Genetic diversity analysis Table 3 shows the results of the genetic diversity analysis for each chicken breed. The Chr5:52922938A>T locus was homozygous and the H E values were zero in the Sichuan mountain chicken breed, while this locus had low polymorphism (PIC < 0.25) in the Caoke chicken breed, and moderate polymorphism (0.25 < PIC < 0.5) in the Tibetan chicken and Jiuyuan black chicken breeds. The Chr5:52926659T>A and Chr5:52926664C>T loci exhibited moderate polymorphism in all of four chicken breeds, except for Chr5:52926664C>T, which exhibited low polymorphism and reached Hardy-Weinberg equilibrium (P > 0.05) in the Jiuyuan black chicken breed. Apart from the Jiuyuan black chicken breed, which has low polymorphism, the other three breeds all have moderate polymorphism at the Chr3:7319896G>A and Chr3:7519918G>A loci. The Chr3:7319896G>A locus was in Hardy-Weinberg equilibrium (P > 0.05) in Sichuan mountain chicken, while the Chr3:7519918G>A locus was in HardyWeinberg equilibrium (P > 0.05) in three of the four breeds, except the Caoke chicken breed. The Chr24:5748832 T>C locus was homozygous in the Caoke chicken breed, while the other three breeds exhibited moderate polymorphism for this locus. All of the experimental breeds exhibited moderate polymorphism for the Chr24:5748784A>G locus. Table 4 shows the genotypes and allele frequencies for the four chicken breeds. The Chr5:52922938A>G locus has three genotypes (GG, AA, and AG). Each genotype has a dif-ferent frequency of occurrence: Jiuyuan black chicken only have the AG genotype, Sichuan mountain chicken only have the GG genotype, Tibetan chicken have both the AA and GG genotypes, while Caoke chicken has all three genotypes. The Chr5:52922938A>T locus has three genotypes (AA, AT, and TT). The three genotypes occur with varying frequency in each of the four breeds (Table 4 ). The Chr5:52926664C>T locus is composed of three genotypes (CC, CT, and TT), which occur with varying frequency in the four chicken breeds, except the TT genotype, which is not present in Jiuyuan chicken ( Table 3 . Genetic diversity for each of the four Chinese indigenous chicken breeds for each of the seven SNP loci. CK = Caoke chicken; JY = Jiuyuan black chicken; SM = Sichuan mountain chicken; TC = Tibetan chicken; H O = observed heterozygosity; H E = expected heterozygosity; N A = number of alleles; PIC = polymorphism information content; χ 2 and its associated P value indicate significant deviations from Hardy-Weinberg equilibrium.
Genotype and allele analysis
The AG genotype of the Chr3:7519918G>A locus occurs mainly in Caoke chicken, the GG genotype occurs mainly in Jiuyuan black chicken, while the AA genotype occurs mainly in Sichuan mountain chicken and Tibetan chicken. The homozygous genotypes of the Chr24:5748832 T>C and Chr24:5748784A>G loci are observed in all four breeds (Table 4) .
SNP locus phylogenetic analysis
Phylogenetic analysis of the 7 SNPs in the four chicken breeds was undertaken and the results show that the internal genetic distance was 0.0122 in Caoke chicken, 0.0139 in Jiuyuan black chicken, 0.014 in Sichuan mountain chicken, and 0.0134 in Tibetan chicken. Tables 5, 6 , and 7 detail the results of the genetic distance among the four chicken breeds. Table 6 . Mean genetic distance between Chinese indigenous chicken breeds and layer and broiler chicken. CK = Caoke chicken; JY = Jiuyuan black chicken; SM = Sichuan mountain chicken; TC = Tibetan chicken. 
DISCUSSION
Research by Li et al. (2012) suggested that genes related to chicken resistance traits are located on chromosome 16, and at the same time, they also located both the egg laying performance and growth performance genes. In our study, the objective genes were LHCGR, ESR2, and DRD2, located on chromosomes 3, 5, and 24, respectively, and our results agree with those of Li et al. (2013) . Several studies have revealed that these three genes are related to reproduction traits in animals and humans (Greene et al., 1986; Maxwell et al., 1987; Duan et al., 2003; Kossack et al., 2008; Xu et al., 2010; Yang et al., 2012; Yu et al., 2012) . As the results of the objective gene screening show, the loci are mainly located in non-coding regions, where proteins are not encoded, indicating that the mutation site does not change the gene function through changes to the protein. It may be that the mutation site plays a role by reducing the coding region mutation, as demonstrated in previous research (Akey et al., 2002; Matukumalli et al., 2006; Groenen et al., 2011) . The function of the mutation site requires further investigation.
Locus polymorphism, a form of genetic polymorphism, is the result of both natural and manual selection; however, natural selection plays the main role and three levels of poly-morphism are assumed: low (PIC < 0.25), moderate (0.25 < PIC < 0.5) and high (PIC > 0.5) (Akey et al., 2002) . Based on the results of the analyses conducted in the current study, we found that loci specific to layer chicken exhibited low polymorphism in the Caoke chicken breed, indicating that Caoke chicken has low levels of egg performance traits under natural selection. While the Jiuyuan black chicken breed exhibited moderate polymorphism for loci specific to layer chicken. In order to improve genetic progress, manual selection should be consistent with natural selection, thus, when we determine the breeding direction it should agree with natural selection. As the results show, some loci deviated from Hardy-Weinberg equilibrium, especially in the Tibetan chicken breed. Such deviations from Hardy-Weinberg equilibrium can be a result of sampling error caused by genetic drift. Deviations from HardyWeinberg equilibrium for loci in the Tibetan chicken breed may be a consequence of their living environment, where the altitude is 2500 m. Further sampling of this population would help to eliminate the sampling error caused by genetic drift in future research. At the same time, we infer that the Tibetan chicken breed has diverged as a subspecies due to its geographical distribution and living environment.
Based on the genetic distance analysis, the Caoke chicken breed has the smallest genetic distance and largest coefficient of variation compared to the other three breeds, which indicates that Caoke chicken has high consistency and may have been introduced to the other breed's blood. The genetic distance between each breed indicates that genetic distance was greatest between layer and broiler chicken breeds. Of the experimental groups, the genetic distance between the Caoke chicken breed and broiler chicken was smaller than between the Caoke chicken breed and layer chicken, while the genetic distance between the Jiuyuan black chicken breed and broiler chicken was greater than between the Jiuyuan black chicken breed and layer chicken. The Sichuan mountain chicken and Tibetan chicken breeds exhibited no significant differences.
CONCLUSION
Variation observed in the Chr24:5748784A>G, Chr24:5748832T>C, and Chr5:529229 38A>G loci was specific to layer chicken, while variation in the Chr3:7519896A>G, Chr3:7519918G>A, Chr5:52926659T>A, and Chr5:52926664T>C loci was specific to broiler chicken.
Following analysis of the data, we suggest the Caoke chicken breed could be suitable for development in meat production, while the Jiuyuan chicken breed could be suitable for development in egg production. As the Sichuan mountain chicken and the Tibetan chicken exhibited large polymorphisms, these breeds could be improved by changing their living environment.
